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REMARKS 

Reconsideration is requested. 

Claims 1, 2, 4-8 and 10-17 are pending. Claims 1, 2, 4-8, 9-14, 16 and 17 are 
indicated as containing allowable subject matter. See page 4 of the Office Action dated 
October 18, 2010. Claim 9 was canceled, without prejudice, in the Amendment filed 
August 2 , 2010. 

The claims have been amended, without prejudice. Support for the revisions 
may be found throughout the specification. Claim 15 has been revised to include the 
structural component also described in claim 1, from which claim 15 continues to 
depend. The revisions to the claims do not raise new issues requiring further search 
and/or consideration. 

The lamellar crystallographic structure of the metal chalcogenide allows it to exist 
in the form of nanoboxes made up of closed, generally hollow rectangular 
parallelepipeds (i.e., MX 2 lamellar material can fold onto itself to spontaneously form a 
hollow rectangular parallelepiped-shaped nanobox during the process of formation). 

The objection to claim 16 will be obviated by entry of the present Amendment. 
Entry of the Amendment and withdrawal of the objection are requested. 

Claim 1 has been revised according to the Examiner's helpful suggestion, and 
claim 15 has been revised, without prejudice, to obviate the Section 112, second 
paragraph, rejection of claims 1, 2, 4-8 and 9-1 7 1 . The applicants submit that metals 
from Group IV, such as Sn and Pb can form compounds of formula MX 2 having a 

1 As noted above, claim 9 was canceled earlier in prosecution. 
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lamellar crystallographic structure. Filed concurrently herewith are the following 
documents in support of same: 

Yujie et al, Journal of Physics: Condensed Matter, 2003, 15, L661-L665; 

Liu et al, Materials Letters 63 (2009) pp 512-514; 

Silverman, Inorganic Chemistry, 1966, 5(11) pp 2067-2069. 

SnS 2 , PbS 2 , SnSe 2 and PbSe 2 are all metal chalcogenides having a lamellar 
crystallographic structure and having the formula MX 2 . Claim 15 is submitted to be 
definite. Entry of the present Amendment and withdrawal of the rejection are 
requested. 

To the extent not obviated by the above amendments, the Section 102 rejection 
of claim 15 over Suzuki (U.S. Patent Application Publication No. 2003/0191222 A1) is 
traversed. Reconsideration and withdrawal of the rejection are requested in view of the 
above and the following distinguishing comments. 

The cited art does not teach nanoparticles having the form of a hollow nanobox. 
The cited art further fails to teach that the metal chalcogenide has a lamellar 
crystallographic structure. Withdrawal of the Section 102 rejection is requested. 

Ordinary skill will appreciate that any compound having a cubic, tetragonal or 
orthorhombic crystallographic structure can form nanocrystals having a rectangular 
parallelepiped shape (i.e., a solid rectangular parallelepiped, where the inside of the 
rectangular parallelepiped is completely filled with the compound lattice structure). 

Claim 15 does not relate however to solid rectangular parallelepiped-shaped 
nanoparticles. Rather, the claim is directed to metal chalcogenide nanoparticles of 
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formula MX 2 having the form of nanoboxes made up of closed, generally hollow 
rectangular parallelepipeds. 

The claimed process involves a method for preparing closed-structure 
nanoparticles of metal chalcogenides having a lamellar crystal log raphic structure. 
During this process, a lamellar sheet of such a metal chalcogenide can spontaneously 
fold onto itself to form a closed hollow structure. When the metal chalcogenide is MX 2 , 
as defined in claim 15, the closed structure can have the form of nanoboxes made up of 
closed, generally hollow rectangular parallelepipeds. These hollow rectangular 
parallelepiped-shaped nanoparticles are the object of claim 15. 

The cited art fails to teach generally hollow rectangular parallelepipeds of the 
rejected claim. Withdrawal of the Section 102 rejection is requested. 

Moreover, the applicants submit that the only metal chalcogenides of formula 
MX 2 that the cited reference discloses are the following oxides: titania (Ti0 2 ), and 
zirconia (Zr0 2 ). See 1Tr00481. Suzuki also discloses alumina (Al 2 0 3 ) and silica (Si0 2 ). 

The applicants submit however that silica is not a metal according to the rejected 
claim. Aluminum is not a transition metal or a metal of group IV. Furthermore, Al 2 0 3 is 
not a metal chalcogenide of formula MX 2 . With respect to titania and zirconia, while Ti 
and Zr are transition metals, Ti0 2 and Zr0 2 do not have a lamellar or layered 
crystallographic structure. See attached pages of "Advanced Inorganic Chemistry" by 
Cotton, Wilkinson, Murillo and Bochmann, 6th edition, Wiley ("Titanium compounds" on 
pages 697-698 which discusses Ti0 2 as compared with discussion of TiS 2 ("Titanium 
disulfide, like disulfides of Zr, Hf, V, Nb and Ta, has a layer structure."); "Zirconium 



- 7 - 



BASTIDE et al. 
Appl. No. 10/581,342 
Atny. Ref.: 5006-10 
Amendment After Final Rejection 
December 17, 2010 

oxides and mixed oxides" on page 882 which describes Zr0 2 as compared to "the other 
chalcogenides ZrE 2 and HfE 2 (E=S, Se, Te) have layered structures and are intrinsic 
semiconductors. They can form intercalation compounds which generally have layered 
structures."). Ti0 2 (titania) and Zr0 2 (zirconia) will be recognized therefore as metal 
chalcogenides that do not exist in a lamellar crystallographic structure. 

Additional evidence that Ti0 2 and Zr0 2 do not have a lamellar crystallographic 
structure relates to the hardness of these materials as compared to layered materials. 
Specifically, compounds having a lamellar crystallographic structure contain weak 
cohesive forces (Van der Waals) between the structural layers which allow sliding over 
each other (strong cohesion forces within the sheet/layer are secured by covalent or 
ionic bonds). As a result, lamellar materials (such as graphite, talc, MoS 2 , mica, etc.) 
have a low hardness, and are for example used for solid lubrication (MoS 2 ). 

In stark contrast, Ti0 2 and Zr0 2 belong to the class of ceramics, and are 
therefore known for their hardness. The comparison is demonstrated in the following 
Table. 
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Mohs hardness 


Absolute hardness 




Zr0 2 


6.5-7.0 


200 - 400 


Ceramics 


Ti0 2 


6.0-6.5 


70-100 


Si0 2 (quartz) 


7.0 


100 




Al 2 0 3 


9 


400 






MoS 2 


1-2 


1-2 


Lamellar 
compounds 


Mg 3 Si 4 O 10 (OH) 2 
(talc) 


1 


1 




Graphite 


1-2 


1-2 



Ti0 2 and Zr0 2 are ceramic-type materials that exhibit high strength, high fracture 
toughness, excellent wear resistance and high hardness. As a result of these 
properties, the applicants submit that titania and zirconia are typically used as 
orthopaedic implants and dental ceramics, for example. 

In stark contrast, lamellar compounds are not hard materials and they contain 
weak cohesion forces between layers. The applications of lamellar compounds (e.g., 
lubrication materials) are far different from those of ceramic materials such as titania 
and zirconia. Ti0 2 and Zr0 2 are not lamellar crystal log raphic structured materials. 

The cited art describes Ti0 2 and Zr0 2 in ^[[0048]), and metal oxide particles 
having a rectangular parallelepiped shape in a separate, independent paragraph 
(10053]). 

Not withstanding the facts that Ti0 2 and Zr0 2 do not exist in lamellar 
crystallographic structure, and that the rectangular parallelepipeds in the cited art are 
not hollow, there is no description in the cited art of "rectangular parallelepiped shape" 
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being associated with Ti0 2 and Zr0 2 . Accordingly, the applicants submit that the cited 
art does not amount to a description of, for example, nanoparticles of a metal 
chalcogenide MX 2 of the rejected claim in the form of rectangular parallelepipeds. 

The cited art fails to teach or describe the claimed invention and withdrawal of 
the Section 102 rejection is requested. 

The claims are submitted to be in condition for allowance a Notice to that effect is 
requested. The Examiner is requested to contact the undersigned, preferably by 
telephone, in the event anything further is required in this regard. 

Respectfully submitted, 
NIXON & VANDERHYE P.C. 

By: IB. J. Sadoff/ 

B. J. Sadoff 
Reg. No. 36,663 



BJS: 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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which intercepts -.h* origin <>i the Cartesian axes. If 
it is assumed that the dominant contribution to Qi/Q, 
comes only from the single Cu-Cu strttchisg vibration. 



The Or Cu stretching mode, is,, appears tf be about 



:i the 



The 



of r, 



f the C 



vibrational correction is. in .act, sufficient to yield the 
o.,! rnhcrc.eul.aec the lo S ■/.Kii/T) plot fsec dashed 
line of Figure 2) A iwcss*ry couseqtiooct of the 
corrrction is .1 slightly diminished value ot / #40 
cal mole ' (».«., -2Jn = 294 cm-'). 



:o« Depahtvk.vt or kLsiiAKo;; a: 



BVBLUmBNV, I'SNKS 



High-Pressure (70-khai) Synthesis of New 
Crystalline Lead T.Hehak-oftenides 



SLlllU 



2inr 



klwrs. wo have synthesized the six-be crystalline, coin 
positions PbSe, PbSSe, and two polymorphs of V'bS*, 
one of the latter appearing to be isouornrums with 
SnS,. Until now, only crystalline PbS. PbS<\ PbS 
I 'I >So, or amorphous p;ily.suh:des .-on: polysdeuides 
hart been reported. 



HlaltillH li:s.ls;icls XMl-Oval M . o, , , p . o ^s.-:t ia[l ; t».,[ O'P-ap % 
Via-: foysSO -:- 'Ps sulf'ul, oi.o L![) i ';0 wk»ii">i n' v P- -n-il :il smbi-.sit 
ssi.rbrioiv, «•«), i-li;i!cn : ;sindc:lc-n.l rati * »"■ «u 3-1. Al ji 

p, l!rl>- usnpoi.td s[ m»! -n a ,.f IS y. - S. OPS I t'!,Sr. - s - 8s. 
i«d Plyse -0 & in ratios ot 1 :2, 1; I 2:2, mil ', :i! were used in 
iiWw's! pyon'svtlin SMiiijIe Petsc.-; will, vvnpliiu- Is-stine. 
dements described previously, ; Thin-v Jl.eil barm uiliide 
stic-ves were tried to rise ate the :T:,c:ioi: mixture to 
\ tl-ltatolu! Jvvil a]j[ini-ani. ,V NntiirL'l Bureau 
P-sieiP was used in .si syntheses. Dhsm.sion s 



Results and Discussion 
Duncan and Ott* reported the. synthesis and isolation 
of art amorphous lead disulfide which ww quite un- 
stable at Eiiibieiit conditions We have prepared two 

I'O I J i 1 jib I: id I, 111 I b 111 III I 1 I 11 1 

and PbS 4- S mixtures. One of these was prepared 
rejioadcdly at 20 kbars and 1600-1800°. Raeh time 
tins synthesis was carried out, an explosion or blowout 
occurred so that the quantity of gray -Mack solid re- 
mairiug ill the, sample cavity was sufficient only for 
X t-.:,v characterization. The compleh X-r:iy swie: 
diffraction pattern we oblsiued. ten this product, which 
we shall cat) a-PbS*. is shown in Tabic I. As indicated, 

TABLI! t 



the material appears to he bc-structural with the 
CriTs-type StiS 3 structure. The calculated lattice 
constants for a 1'bvSs based on hexagonal indexing tuc 
a = 3.89, c - 5.91 A. Those constants secnr reason- 
able when compared to lot reported values it 3 63 
and ,:. = ">.R(j A tor the tin sulfide,' 1 which would be 
oujectod to occupy a smaller volume than PbS 4 eon 
sideling the. relative sizes of tin and lead radii. 
When we fried thicker bN capsules, l\i reaction vessels, 

conditions without blowouts, we olOniis-d ed.it:' 1'bS 



I P!>F, 



s the 



Tlio other crystalline products ocic pienaicd lion, 
Pb-S, Fb-S-Sc, and Pb-Se elemental mixtures in 
atomic ratios el 1:3, 1 : I A : 1 Ay. and : t respectively. 
Successful syntheses were also carried out with mix- 
tures of the moneehaboyeundo, end excess .ulius raid, .'or 
seJcJHUlil. The strongest lines of the X-ray powder 
diffraction patterns obtained for these are listed in 
Table II. The patterns could be indexed on the basis 
lit a tetragonal KN 3 structure type will) -iwratje lattice 
i. ns-aut "as tola us rn a - i to X 0 PI < = 
7.48 ± 0.10 A; PbSSe, a = 6.27 * 0.0i, c = 7,57 * 
0.02 A: and PbSej, a - 6.3(5 ± 0.08, c - 7.(53 ± 0.10 
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presence. ' 
:.s peak kci 



cules 



rely. 



1.J38 25 

1.375' 50 1.407 25 

1.3S3 10 1 :«*7 oO 



consistent with Ike relative atomic 
Hie liica.rrtil den-dties were 5.51 
7. IS g/cc lor PbScj compared to 
i g/CT- calculated fir four mole- 
r PbSt, PbSSc, and PbS*- v rcspec- 

it partial conversion 



Conditions favorable I 
to Hie h-ii:. dichrdcv;>cmdcs were foimd to be 
abov* 30 kbars and 060° in most cases. At '15 kbars, 
1500", essentially quantitative conveniens were ob- 
tained in o min. Microscopic examination of (be 
homogeneous products rcveal-d charcoal-gray, elon- 
gate], rodlike crystals usually radsafin* toward '.be 
(■eiittr of the reaction pel'ei. No db-'bS,. ivs ; t'oar.d 
below 600* and only PbS f.,n»cd bctwr, 10 and SC 
kbars and (100 and 1200°. PbSe. and PbSSe also 
required temperatures above 600-OUO' for their forma- 



ted ii 



,vith C 



ved : 



acjucous solution of 10% -\'-"~S separated 
elemental Sc from the seleiiide without decomposing 
the lead compound, m indicated by the X-ray pattern 
of the dried subtle. 

Anal. Calcd for tf-PbS s : Pb, 7(5.4; S. 23.0. 
Found: Pb, 7.1. S, 74.1; S, 27.2, 24.7. Oalcd for 
PbSSe: Pb, 06.1 ; S. JO I ; So, 24. S. Pound: Pb. 
5S.3; s, 10.5; Se, 25.2. Calcd for PbSe,: Pb, 95.7; 
Se, 43.3. Found: Pb. &?.«, 51.1, 552: Se, 42.4 
(by difference;, 45.1, 44.3 (by difference). 

Since Lite change in d -jpaeiugs shown in Table II 



tmr&mic C.iu':,'.-:iry 

for each hkl value is nearly buearly related to composi- 
tion, possibly there, exists a whole Holid solution range 
of compositions such ; s PbSs-jBe,, where x varies 
from 0 to 3. Oia attempts to prepare the iibeni ei'.iate 
t mi. 11 ul ft I I ip| ]1 

however, yfc'ded only PbS and PbSe, respectively, 
plus a few unidentified lines, according to the X-ray 
palf-rns 

Thermogravmietric analysis (tga) of purified (J- 
PbS, hi pure, dry ()■> shower; a weight gain of 12.S% 
compared t<; il.7% calculated for oxidation of the cisub 
fide to PbSOt, The. residue had an X-ray powder 
diffraction patten; characteristic nf PbSO, pltlh a few 
weak unidentified lines The initial weirhl gain started 
at 2;$5 3 and leveled off at 402". Ill N», (8 PbS; showed 
an initial weight loss at ISO 6 leveling off at 317". The 

tire tga curve! yielded FbS only. This mode of decom- 
position is typical oi i;mup IVa disulfides and was 
also the same for PUSSc and PbSe s . which decomposed 
initially to PbS PbSe and PbSe, respectively. The 
weight' loss of the diselemde began at 314" and leveled 
off at 513°. 

The distinct differences between /S-Pbffe reported 
here aod the lead disulfide reported by Duncan and 
Olt 4 are as follows: (J) Weak PbS lines only were 
present on their original X-ray films from fresh samples 
and this pattern became more intense as samples were 
exposed. The products we obtained including the 
mixed selenide and disclenide showed no trace of the 
monoehakogenide X-ray powder patterns after S 
months of storage at room temperature, (ii) The den- 
sity of their amorphous product increased from 4.47 
to 5.40 g/cc after air exposure for 1 week (0.8 g/cc is 
the calculated density of n PbS S 1 : 1 mixture). Jii the 
same period of rime the density of tf-PbS-, 5.51 g/cc. 
was virtually unchanged. (3) Tetragonal tf-PbSi 
analyzed close, to this stoic-biometry after air exposure 
for 1 week, whereas the amorphous disulfide decom- 
posed to PbS; 4 after remaining at ambient conditions 
overnight. (4) Duncan and Ott reported that some 
decomposition took place at tfcssit*tatiires as low a<> 5«* 
in contrast to our tga results mentioned previously. 
(5) The color of all of our lead products was charcoaf- 
gray, whereas most, of the amorphous disulfides were 
maroon or reddish brown, although a few were reported 
to be black. 

Some preliminary electrical resistance measurements 
were taken uli icai mr | r s nu !r .m 10 to 70 kbars 
on PbSe,. 



. that 



r of tl-e 



covalent. Chemical behavi 
fide wa-i as follows: no reaction in water or et 
partial solubility in 0.J A' NaOH, vigorous reac 
concentrated HC1 with HsS evolution, and imn 
reaction in concentrated HN0 3 to yield a preci 
Tetragonal PbSe s did riot supereonduct above. 1) 
the lowest temperature at which tests w 
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Fluorine-19 Chemical Shifts in Nuclear 
Magnetic Resonance Spectra of 
Fluorosulfate-Contatinmg Compounds 

tty FRfillERICK A. KOhi.KST AKL) jEA.'-ZHh M. SttKS&VJ! 

Rttehed J-meJS, 1966 

Since the synthesis of per oxydisulfuryl diflttor 



(SsOsFj) by Dudley and Cady,' the in 
pounds containing ttic lluorosulfate 5 
has increased rapidly i 



■cup, 



- J> r, ' v > 



a facile 



introduction of this op into fluorooieliiis and simple 
inorganic molecules. In characterizing some of these 
fluorosulffi.tes, the chemical shift of Lhc fluorine bonded 
to sulfur \rm reported with respect to an internal or 
an external standard. The literature reports no at- 
tempts to comport the •.i.aguiftu'cs of the eheinictd 



used. CCljF was sealed int.. >• 2 in 
placed in the liquid HOSCfeF. Exi 
used w.(U CtOSftF and PtOSO.F. 



311B hijjii-resolutioii 



t I i. , I 



Notfcs 2000 
re listed with the 



Sinus OSSO.F in in.-.'oRiss.oucvvK-CosiAi.-aso 
Compounds JIblativs to CCljF 



• '" F«r co:iip;i:-is,ji. , v itl. pnvioiislv rep o.' tfd shifts, consult the 
F..11...V, iu,o (a) W. t' Oiibcrata and C. > ■ tscdv, h,mf,. Oie.m., 2, 
45(6(1809); tb; C Fran* an,. F xwyr, ibid.. 3, 031 (1004); 
(c) J. J, Dctfino and J. M. Shrecvc, ibid., 5, 30ii (19B8); (dj 
D. n. DcsMsnteau and (V H. Otdj-. <MtT.. S. 169 (t) 
;c-f 2, C) M. Lmti.; Mid T K. Rait. /»"fg. <:»«»«., *. 1441 
(1968); («) 1). I. liirh B. K. Hill, and J. M. Shreevc, itid., in 



.ay single factor, the data, n 
■ >M-.i si ool . v, !if!i .salcec som 



interests* cwi.iviri9u.is |k.w.».K ft) lnm..li>ri.r,.i of CF ; 
cro-iiXs) ■Oiifts kmuuikci, to tg«cr ficid: I'OSCF > CK.OSO.K > 
CjIWSOsF; CIOSO-F > ClOFjOSO.F; FO s 9O0SO,F > FO : SO- 
dinn it. ..I] ;ri i- r_r,o m 

f2) Kebstitntioi) of SCP for fluorine shifts to tower field; FOjSO- 
SOiT > FOiSOSOsOSOiF; CFjOSaf > FO^OCFiOSOiF; 
FOSO.F > FOSOOSOfP. (3) Snbsiilnlhai of a halogen or 
•pseuc.u-ludwv'ii (nr.. ("o: : ri:,,- -U.-.V -d.if- O, lower field: t ioleor 
CIC1 09C.F; FOSO ' FOSCW Bo.SOr 

Ml 1 A.ll-lf '> i t l"l loir k-l >a 
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Trtmethylsiloxydlmethylgold 

Bv HuDEEr SCNsooii.u s MAtff Re-j 3eku?kwi 
RecewcdJmie 13, 1866 

We wist to report the synthesis of trimethyMloxy- 
(HmethyJ,eold, n betcrosiloxane species' containing the 
Si-O-Au linkage. 

Triinetliylgold, prepared according to a method 
described by Oilman ami. Woods, 3 was converted, to 

l . i L k Wwls. /. im Cftm. Hoc.. 10, 5» (1B4». 
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Synchesis and characterization of SnSe 2 hexagonal nanoflakes 

Keg.io Ui.r-\ Hong Liu fe -*Jiyang Wang***, Liming Feng" 
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LETTER TO THE EDITOR 

Single-crystalline S11S2 nano-belts fabricated by a 
novel hydrothermal method 



E-n»B: I u t , :i d or: 

Received 5 &piember2(l(B 

published 24<Xi-:b^y.m 

Online a- siiicks-jop ^/JPhysCM/f 
Abstract 

SnS^isanc-boSl^^ k ^iiprefKiredby a .wvelihioedycoliea; .hi tTGAi agisted 
hv.toihcraial incited. X-tav diriraedon reveals thanhe Si& fs; 4 no-i>el£f. ar-- -si 
hexagonal MvciViK and vudl erysiafomi. !Y,n;a^,e.t: eiaoiroti atierescoisy 
ohsstvatiov, shows that the Sir-,, teftso-hefo hsv? a width «• Jit')-! 60 na.- and ; 
leug) a of lip u- several iiitcromett'es, ami huiforesoiiii.u-ri !.«:»>. tmsskm electron 
rak-wseopy forth-.-, idetinSlcs U:.!t the .SnS; natto belts are si aide ; rysudline in 
nat-ire. A arefona^ary a^ehamsi^ 
-.if SisS; inus.-k-"..': is presented. 



i . Introduction 



i i i > t i it s t s , ! 

of about 2. >5 eV [2; an..! theifoore foes die aowribs! to aot s.s at; efficient '.oka- ceil tiiatet ad [a], 
it is also of itva-rest us holographe: recoo.hrit) systems assd efoanoal s-vitdsitva [d. 3i. 

Trillion;.! methods for the ptvparaikw of fo, sttSikles fociade rd-en-dad vapour 
t f i ! i s Id i > j i si foi 

I 1 }|u H . .IK m i hd . i a 

a atp, -anne „ than dM , or oxpensoo: -n a, nra, -is i ,ri!urna,c. over the past, deoade, 

v I I ! 1 1 J I si 

one of the most highly active reseats.-!; are-as [11-13]. Qsaii's groups have developed a raild 
> 1 n,d i t t) f Hi ii^ i j ! f , fo t i s |151, 

MltlM - 1. u i I! H M ,j ! 

St s i n l I s t m ih ! h . ! < ! ' , \ t t .1 1 Mill. x b 
M ~- t v « i I f ,eii. Ii IK DM 
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Urt«' lofts Editor 



I n 70 3t 40 5C SO 7C 
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17-A-2 ThsChemtshyofTitenwmSfV} 697 

temperatures, The nitride (TiN), and bortdes (TiB and Ti8 s ) are interstitial com- 
j-.)U>iv^ its > r ry stable, hand, and mi > old-colored 

TiN films can be made by chemical vapor deposition QtTiCU(NB,h'> 

i . . i ■! ' ked by < taf acids at room temperature or even by 
hot aqueous alkali. It dissolves in hot HO, t <gl j es, wfe< tHN 
converts it into ' de a acid or base. The best 

solvents are HP or acids to which fluoride ions have been added. Such media 
dissolve Ti «Bd hold it in solution as fluoro complexes. 



TITANIUM COMPOUNDS 

1 7-A-2 The Chemistry of TitamwrnflV}/ *** 

Binary Compounds 

HalUks, The tetrachloride (Ti0 4 ), the usual starting point tot the preparation 
of most other Ti compounds, is a colorless liquid (mp ~23*C, bp 136*C) with 
a pungent odor, The Tt— O bond is short, 2.17 A, possibly due to >t donation 
TifcKXTitaei it d defames strongly in moist air and is vigorously, though 
not violently, bydrolyzed by water 

•ncu+aKaG TiOj+^Ha 

With some HO present m 3 deficit of HA partial hydrolysis occtas, giving oxo 
chlorides {see later). 

Titanium tetrabrosside 4 and a tuetasfabfc form of TU. t are crystalline at room 
temperature and are isomotphous with SiL, QeL, and Suit, having molecular 
lattices Tlw §uoride ts obtau ed s vhire j der by th < >f F 2 on fi it 
20d C oi bj soJvomcrraal dec< m\ > hhW .t sublimes readily and 

is hygroscopic; its structure is dominated by isolated columns of corner-finked 
TiFjj'—octahedra, 5 Ail the halides behave as Lewis acids; with neutral donors such 
as ethers tbev i s dducfc set later 

Titanium Oxide;* Complex Oxides; Sulfide, The naturally occurring dioxide 
i it ) is three crystal modifications, mi < j > die. \ 
commonest, the Ti is octahedral and this structure is a common one for MXj 
compounds, in anataxe and hmokiie there are very distorted octahedra of osyges 
atoms about each titanium, two being rein! ■ , .- . Mthough mtile has been 
assumed to be the most stable form because of its common occurrence, mmtsse is 
8 to it kJ mol " 5 more stable than mtiie. 

The dioxide is used as a white pigment.' Natural!". no are usually 

colored, sometimes even black, owing to the presence of impurities such as iron. 



•C. K. White* et ui, 1mm Ckem W4, 33 5227. 
S. I. Ti mo tal lius >• n • i-m ? s, 
,n ' ■ \ >- 

\m „>.<>,. r , . , * t is*, i 
'A. Baidins et al, Progr. Org. CooOn** Wt, 30, 105. 
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698 chapter i?/m mmm of the brs? transrion mm 

Pigment-grade material is generally made by hydrolysis of ritarJum(rV) selfaic 
solution or vapor-phase reaction of TiCU with oxygen. The solubility of TiO a tie.- 
tderabty on < ft « > « 1 it 

< n t i, t f N > ' 1 ro t < oris they can be use< 
tohl li hi s ih< mlh t 'H ! m (1, puscru n iiv i metal hydroxides to 

. ti t f < i . >t , i! kie in:] i i iU) sot 1 1 t • ii 
plexes has been much studied as a catalyst for pbotodeconiposition of water* 
i ! ! ' . i solid Intel f isia BneTi it j i 

eace of HjO and CO, leads to the formation of CX). H±, and CH«.« Many other 
use;; arc known; examples are found in catalyst nod preparation of devices sucn 
as film electrodes. 55 

Hydrous titanium dioxide is made by adding base to TP solutions and by 
scrfoa of acids on alkali tiianates. The hydrous materia! dissolves in bases giving 
hydrous "titanaies." 

Manx r» iterials died tilartai -' ar< known; nearly all have one of the three 
major mixed metal oxide structures. Indeed the names of two of Use structures are. 
! compou! red i f i i stbem, namely//? 

(FeTiOj) and peravsMie (CaHOj). Other titanifes with the Umentte structure are 
MgflOs, MnTiOs, CoTlOs, and NffiOj, mi others with the perovskite structure 
are SfTiOj and BaTiO, . There are also titsnates with the spinel structure such as 
M <> <n ; !':«.> i i » I n ) Phc Li*TiO< is i&osiructara! with i.GeO nxi 
trail < totdinated Ti' ions and tetiagonall *cl ' sod ions;' 
RbsNaTiQi is isotypic with Rb^aPbtt* .* 

Barium oxide and TiO s react to form an cxtensh e < phases Irom simple 
ones such as Ba'MK (cormnonlj ed riutn dt ' ' > < 1 < ( ! - * B O 
and Bs^TitjO 1 fern t i ,o , All are of technical in 

bet i. >!'th ' » t- i e \ u<i i cly und m . 

follows. The Sa s * ion is so large relative to the smalt ion TP ihat the latter can 
literally "rattle around" in its octahedral hole. When an electric field is applied to 
\ d of tins mi teri it can «. » >V ola ced ccaust each of the Ti*' ions 
is drawn over to one side of Us octal ' - 

polarization of the crystal a whole. 

Titanium disulfide, like the disulfides of Zr, Hf, V, Nb, and Ta, b«s a layer 
structure; two adjacent dose-packed ! tyers of S atoms \m<n Ti atoms in octahedral 
interstices. These "sandwiches" are then stacked so that there a . 
of S atoms. Lewis bases suds as aliphatic amines can he intercalated between these 
Ijacen , i < y ilar ii rcalation >mj oum an 1 m «th MS i 1 

MS i cods for M Ti, Zr, Hf, V, Kb, and Ta. Many of these have potential!} 
useful alec pi perti including t > ait de i;n rial for lithium batteries, 
and superconductivity, and may be compared Witt the imereaia t compousds of 

; 'X. Liu and J. K. Thomas, /. Ckef \ Chem. dm m6> 14 
T. Le - k of /, • ■ i l<m, H ^ 

npU T Yates, Jr. « ?., O i Mt * 35 

t K I ; . ' ' < V - , .t'fi t.r;»\jjt! J<W5, 5? 1 

K. T. TI > ' sdD.CS Kli . i ' • v , f»(, « 1 
»T. Getfln et «« . < •.. /«< ■* '.- « 1^7, 345. 
'KPOowiOAM', « / .s-'.iV • < t«94. //J. "0 
SS C. Weiss and R. HoppC, Z. anorg. aUg, Chem. 1996, 622, 
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882 chopter 18/THE BfMENTS OF WE SECOND AND THIRO TBANSfRON SEBES 



f}g«r» ie-A-2 Coordination ?«smeity fn the bsddeteyhe form 




Zirconium Oxide and Mixed Oxides 

Additioo of hydroxide to ajreotuumfJV} solutions causes the precipitation of while 
gelatiaoiisZrO; ft(i;0,vvhff(.. shewalci content is v-amble. On strong, healirtg, this 
hydrous aside gives hard, while, insoluble ZrO ; ,' : 'this has an extremely high 
melting point (27WPC), exceptional resistance to attack by both acids and alkalis, 
and goodme*Jwm«il properties; it is used for crucibles and furnace cores. Zirconium 
dioxide initsmon diuk h ddets\ <r mi and one form of HrO, are isomorphous 
and have 3 structure in vel 1 A f c« ndinate, as st >w ) in 

Fig. iS-A-2. Three other teas of Zrf>? have been descried, but none has the 
rotate structure so often found aai< ng MOj < ostapottods. 

% .« 1 < npo - ■> e r t >j, t ■ whioini < 

hyd 1 fid i ► v . ' i.i th sitnilai " ' u ti r >unds 

and firing the mixtures at 1000 to 2500*C These, like their titanium analogues, are 
mixed metal oxides; there are no discrete ^neonate wins known. The zirconate 
CaZrO, is isomoiphotis wilt perovskite B- oi « ZrO m molten KOH and 
evapoiatin. >i the excess ot Svcnt at 5 f< ic ccystal - aponnds K»Zr,G 
mi KjZrOj ma? be obtatows t i • -ha-r^j faces 

to form chains that in turn share edges ami corners with other chains. The Salter 
contains infinite chains of ZrO, square pyramids {i8-A-HI). 




m-A-im 

The other cfeateogenides, ZiB> and HiE- (E = S. Sc. and Te) have layered 
structures and are intrinsic semiconductors. They can also form intercalation cofft- 
ponnds which generally have layered stiuciures. 

Aqoeous Chemistry 

i 1) 1 1 I . 1 i . i 3 J ' . 1 Cli-IOPC l \Utl 

hydroiyzed. Only at very low concentration {-ii)"-' 1 M) and sigh acidity {\H~] of 
i~2 M) does the ? " iq.)i n ppearto ^i- f in <> ««i t 'no- basi than 
TiO. and i;. ^ ' • - tfbfc iri excess base. No ZiO !+ ion has been detected 

'-See for example: K. Kate el at, J. Mater. SO. 097,- J% tm 



-24- 



